Abstract
Introduction
Multiple sclerosis (MS) is a progressive inflammatory disease of the central nervous system that poses a disease burden to more than 2 million people worldwide [1] . The most common clinical course is relapsing-remitting multiple sclerosis (RRMS), accounting for 85% of all cases [2] . In Brazil, there is a high heterogeneity in prevalence rate among regions, with an estimated prevalence of 15 per 100,000 inhabitants (IC 95%: 6.0-12.6) [3] . The Northeast region of the country has the lowest reported prevalence rates (as low as 1.36 per 100,000 inhabitants), while the South region presents the highest reported MS prevalence (27.2 per 100,000 inhabitants) [4] .
Currently, according to Brazilian Ministry of Health guidelines [3] , the standard recommendation for first-line treatment of RRMS consists of interferon β, glatiramer acetate and teriflunomide. For second-line treatment, patients who were intolerant, nonadherent, or who experienced adverse reactions to those drugs should switch to another drug among the firstline treatment options or to dimethyl-fumarate (DMF). Patients with therapeutic failure or suboptimal response can switch not only to another drug among the first-line treatment options or DMF but also to fingolimod. The guidelines prioritize fingolimod for third-line treatment in cases for which it was not used in the second-line treatment. Finally, the use of natalizumab is indicated only for patients with therapeutic failure or a contraindication to fingolimod.
Although the Brazilian Ministry of Health recommends natalizumab for later lines of treatment, guidelines in other countries, such as the United States of America (US) and European Union, recommend natalizumab as second-line therapy [5, 6] . In the US, natalizumab is suggested even as a first-line therapy [7] . In this context, real-world studies, particularly of treatment patterns and evaluations of effectiveness, play an essential role in guiding decisionmaking processes due to their external validity [8] . Natalizumab has demonstrated higher effectiveness when compared with other second-and third-line treatments, such as fingolimod [9] [10] [11] [12] .
In Brazil, local effectiveness data for RRMS drugs, including hospitalization rates and inpatient healthcare resource utilization, are limited. The present study primarily aims to evaluate and compare annualized hospitalization rates (AHR) for fingolimod and natalizumab after failure of platform treatments (interferons and glatiramer acetate). Additionally, we describe treatment patterns and inpatient healthcare resource utilization for patients with MS in Brazil. Such results may contribute to a better understanding of the healthcare resource utilization by patients with MS as well as natalizumab's real-world effectiveness in Brazil and thus support decision-makers in the development of policies for improved care of patients with MS.
Materials and methods
This study was performed in December 2018 with an analysis of outpatient and inpatient data for patients with MS (ICD-10 G35) from DATASUS claims databases from January 1, 2013, to December 31, 2017. DATASUS is held by the Brazilian Ministry of Health Department of Informatics and provides data from procedures performed within the Brazilian public healthcare system (SUS), which covers the whole Brazilian population but of which approximately 22.5% are also covered by private insurance [13] . Data available in DATASUS are anonymized and encrypted and made available publicly. In addition, according to the Brazilian ethics Resolution No. 510 from April 7, 2016 , studies of public domain information do not require approval from ethics committees [14] .
Population
The present study included two distinct cohorts: cohort 1 to analyze RRMS treatment patterns and hospitalization profiles; cohort 2 to evaluate natalizumab and fingolimod AHR. Cohort 1 included all individuals who had at least one claim related to MS therapies, were aged � 18 years old, had initiated MS treatment from January 2013 until December 2017, switched from first-line platform therapy, had at least 12 months of follow-up in the database and received at least two lines of treatments. In cohort 2, all patients from cohort 1 who were treated with fingolimod or natalizumab in second-line, switching from platform therapies, were included in the unmatched cohort. For analyses adjusted for cofactors, we applied two different approaches: a matched cohort for each treatment paired by a propensity score (PS) matching strategy (Fig 1) ; and inverse probability weight (IPW) in all cohort 2 patients. For both adjusted analyses, we considered the following variables: time between first ICD-10 G35 report and initiation of first-line therapy, sex, age, duration of first-line therapy and region of the country. Only patients starting treatment from 2013 were included. Patients with claims in 2013 who started treatment before 2013 were excluded. 
Information systems
DATASUS is an administrative database that contains information about procedures performed in SUS and includes the whole Brazilian population (209 million), of which more than 160 million are exclusively dependent on SUS. The administrative claims data are presented as procedure codes from billing records and include demographic information, clinical information in the patient profile, number of procedures, costs and other information. The information reported includes both diagnosis and therapeutic procedures. All outpatient and inpatient procedures available nationally in SUS and reported in DATASUS (approximately 6,500 procedures) are included in the Sistema de Gerenciamento da Tabela de Procedimentos, Medicamentos e OPM do SUS (SIGTAP) procedure list.
Data on inpatient and outpatient procedures are thus downloadable from DATASUS website, from which we collected all the information used in this study. The outpatient and inpatient databases, however, are not linked by a unique patient identifier; therefore, a probabilistic record linkage was performed to achieve longitudinal patient data in both settings. On the other hand, low-complexity drugs (e.g., statins, hypoglycemiants, antihypertensives) are not reported in DATASUS, and some low-complexity outpatient procedures (e.g., physician visits, blood tests) are reported in an aggregated form, not individually for each patient.
Data extraction and assessments
Data extraction. After we identified all treated MS patients, we used a probabilistic linkage approach to obtain longitudinal patient data from both inpatient and outpatient settings. The probabilistic record linkage was performed using information such as date of birth, ZIP code and ICD-10 diagnosis code [15] . Patients entered the cohort only once, at the first study entry date when all inclusion and exclusion criteria were met. The data source was cleaned to exclude all individuals with inconsistent data (e.g., excessive missing data). For this study, inpatient procedures with more than one day of duration were considered hospitalization to avoid bias with patients who were hospitalized due to treatment requirements, such as intravenous infusion for natalizumab and monitoring for fingolimod.
Statistical analysis. To compare fingolimod and natalizumab treatments in secondline treatment and to adjust for cofactor bias due to the heterogeneity of the sample, we performed two strategies in the cohort 2 analysis: one-to-one PS matching and IPW to address existing differences at the baseline. PS were calculated by logistic regression analysis, using 1:1 nearest-neighbor matching [16] , with a maximum difference among the PS of 0.1. In the IPW analysis, the weight corresponded to the inverse of the PS [17] . Covariates for the adjustment strategies included age at first claim, sex, region, time from first MS claim to the beginning of the first treatment, drug in first-line treatment and time in first-line treatment. After adjustments, we compared first-line treatment AHR and reduction of AHR among matched cohorts of patients treated with fingolimod or natalizumab in second-line treatment.
Demographics, treatment patterns and switch patterns were analyzed for cohort 1, while comparison of AHR between natalizumab and fingolimod were conducted for cohort 2. Demographic data, treatment patterns, switching patterns, outpatient and inpatient procedures and healthcare resource consumption were analyzed. Data are reported as continuous variables (quantitative ones) and were summarized by mean, standard deviation (SD), median and minimum and maximum. For the comparison of AHR between the groups, a Poisson test was applied for the adjusted analysis. P<0.05 was used to determine statistical significance. The statistical program used was R software version 3.5.0.
Results
Of 29,410 patients with MS treated in the specified period, a total of 2,876 patients were included in cohort 1 for these analyses. The majority of eligible patients in cohort 1 were female (73.2%) with a median age of 33 years (Table 1) .
In second-line treatment, 540 patients from cohort 1 were treated with natalizumab and 465 with fingolimod. When evaluated by PS strategy, a total of 375 patients were matched on each treatment. In the IPW analysis, no patients were excluded by the matching strategy (Table 2) .
Treatment patterns analysis
For the treatment pattern analysis, all patients from cohort 1 (n = 2,876) were included. According to the inclusion criteria, all cohort 1 patients had received a second-line therapy. The proportion of patients who received third-, fourth-and further lines of treatment was 25.1%, 6.4% and 1.6%, respectively. Fig 2 summarizes the treatment regimens administered to the MS patients in first-to fourth-line treatments and the number of patients who received each treatment.
As second-line therapy, glatiramer was the most frequently used drug (n = 1,137, 39.6%), followed by natalizumab (n = 540, 18.8%) and fingolimod (n = 465, 16.2%). Natalizumab and fingolimod had higher median (range) treatment durations in second-line therapy, 16 .02 months (0-66.09) and 14.01 months (0.95-33.09), respectively, followed by interferon β-1a IM 
Treatment switching analysis
All 2,876 patients included in the cohort 1 analysis received platform therapies in first-line treatment. The most common switches in first-line treatment were from interferon β-1a IM to glatiramer (52.09%), and the same percentage switched from interferon β-1a SC to glatiramer. (Table 3) . When evaluating patients from the PS matched cohort 2 (Table 2) , characteristics between groups were balanced, with 375 paired patients in each group. Patients treated with natalizumab in second-line treatment had a 0.064 (CI 95% : 0.03-0.09, p<0.0001) difference rate compared with first-line treatment, with a reduction of 64.1%, while patients treated with fingolimod had a numerical but not statistically significant AHR reduction compared with first-line treatment (0.022 [CI 95% : -0.02-0.05], p = 0.20), representing a reduction of 24.2% (Table 3) . Additionally, the comparison of AHR with second-line treatments showed a higher reduction with natalizumab (natalizumab: 0.064 vs fingolimod 0.022; p = 0.03).
In the IPW adjusted analysis of cohort 1, characteristics among groups were also balanced ( Table 2 ). In second-line treatment, patients treated with natalizumab had an 0.084 difference (CI 95% : 0.06-0.11, p<0.0001) in AHR compared with first-line treatment, with a reduction of 70.0%, while patients treated with fingolimod had a numerical but not statistically significant AHR reduction compared with first-line (0.023 [CI 95% : -0.01-0.06], p = 0.17, representing a reduction of 22.3%. As observed in the PS analysis, the comparison of reduction in AHR between second-line treatments also presented a statistical significantly difference in the IPW analysis (natalizumab 0.084 vs fingolimod 0.023; p = 0.002) ( Table 3) .
Hospitalization profile
Treatment of MS relapse was the most frequent procedure in the inpatient setting, accounting for 75.99% of all procedures, with a mean of 24.47 records (SD: 27.05) and median of 16 records (min-max: 0-179) per hospitalized patient (Table 4) . Treatment of central motor neuron disease with/without amyotrophy was the second most frequent procedure (10.2%) with a mean of 3.28 records (SD: 10.47) per hospitalized patient (Table 4) . During second-line (Table 5 ). Patients treated with fingolimod also had longer duration in hospital with a mean of 56.7 days (SD: 152.09) compared with natalizumab with a mean of 10.53 days (SD: 7.28) ( Table 5 ).
Discussion
The most common MS treatments after failure of one platform treatment were glatiramer acetate, natalizumab and fingolimod, while the most common treatment sequence observed was interferon β-1a IM ! glatiramer acetate ! natalizumab. Natalizumab showed effectiveness in decreasing the AHR when used in second-line treatment after use of platform therapies, with an approximate reduction of 63% compared with first-line treatment. Fingolimod showed a statistically significant reduction in AHR only when analyzing the unmatched cohort.
Our data corroborate the findings of previously published studies, such as a longitudinal real-life study in Italy [18] that showed a greater reduction in the annualized relapse rate (ARR) in the natalizumab group than in the fingolimod group. Another study in Germany [19] demonstrated that natalizumab in second-line treatment reduced the ARR from 2.1 to 0.2, and a more recent study [20] suggests that switching to natalizumab is more effective in reducing relapse rate and short-term disability burden than switching to fingolimod. In fact, several studies suggest that natalizumab is superior to fingolimod in preventing MS relapses [9, 10, 12, [20] [21] [22] [23] [24] . On the other hand, our data contrasts with other studies in which fingolimod and natalizumab had similar efficacy [25, 26] . In addition, other similar studies also demonstrate that MS relapse represents an important economic burden to healthcare systems, with high treatment costs [27, 28] , and an important burden with respect to the quality of life and functional ability of patients [28, 29] .
Regarding the hospitalization profile, a high median number of times procedures were performed per hospitalized patient was observed for treatment of MS relapse. MS relapse treatment was the most frequent procedure for the MS patients observed during the study period, with an elevated number of times compared with other procedures performed per hospitalized patient. For second-line treatment, the mean duration of hospitalization was 13.08 days, similar to results from a Canadian study that reported a mean of 10.2 days [30] . An American [31] and a Spanish study [32] showed a lower number, with an average of 5 total days of hospitalization. Furthermore, in cohort 2, the mean duration of hospitalization for the matched cohort was higher for fingolimod than for natalizumab.
The strength of this study is the use of DATASUS, which covers most of Brazil´s population (77.5% of the population is exclusively dependent on SUS), thus providing detailed information on patients with multiple sclerosis. On the other hand, this study also has some limitations: this was a retrospective analysis from a database subject to data collection inconsistencies, and due to the nature of administrative claims data, limited clinical information is available, which could affect adjustments and outcome analysis. Because healthcare utilization claims data do not allow for detailed analysis of relapses, disease progression and improvement, some important clinical information, such as Expanded Disability Status Scale (EDSS) scores and existence of comorbidities, could not be included in the pairing methodology. In this context, the results of this study should be extrapolated carefully. Other limitations include the lack of reporting of low-complexity procedures in DATASUS.
Conclusion
To the best of our knowledge, this is the first study to evaluate differences in treatment patterns for RRMS in SUS and to compare the AHR of natalizumab and fingolimod within the Brazilian healthcare system. This study provides real-world evidence of natalizumab's effectiveness in terms of hospitalization rates compared with fingolimod, with decreased hospitalization rates in natalizumab-treated patients. 
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